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Quantitative Comparison of Fecal Coliform and Fecal Streptococci Counts of Six
Ponds in Charlotte County, Virginia
Melissa Dunn Back
Dr. David W. Buckalew
Abstract
Performing testing to detect for the presence of fecal coliform and fecal
streptococci are the acceptable standard methods for judging the quality of water. Their
presence and quantitation are presumed to be a predictive indicator of potentially more
serious organisms being present. This study was initiated to look at the differences in
fecal coliform counts between irrigation ponds and livestock ponds. The hypothesis was
that livestock ponds would have a significantly higher count of fecal coliform and fecal
streptococci than irrigation ponds. This hypothesis was accepted. Six privately owned
ponds in Charlotte County, Virginia were used to evaluate for the presence of these
indicator groups of organisms. Three of the ponds are used only for agricultural purposes
(irrigation) and the other three are used as the primary water source for domesticated beef
cattle (livestock). These ponds represent non-point source contamination. The most
important 'untested' sources of pollution today, NPS represents the largest contributing
source of pollution. The ratio between the two variables (fecal colifonn/fecal
streptococci) is considered to have predictive value in establishing what is the major
species source of contamination. Therefore, a second hypothesis was made: the ratio of
the two variables would have predictive value in determining the main source of
contamination. The contamination source is known; wildlife in the irrigation ponds and
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domesticated cattle in the livestock ponds. This hypo thesis was accepted when looking at
the mean ratios for the entire period of the study.
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PARTONE:BACKGROUND
I. INTRODUCTION

"Water, water everywhere and not a drop a drink."
The Rhyme of the Ancient Mariner

Biological life is dependent on water. It is the common element that links all life
forms and all ecosystems, from the most interior forests to the bays and estuaries along
the coast. Water transports all the biologically important nutrients needed for life. It
dilutes, moves, and removes wastes as well as cools organisms and the land, thereby
maintaining the climatic conditions that support and sustain life. Through the cooling
process, water also supplies energy to the ecosystems by saving energy that organisms
would otherwise need to expend to remain in homeostatic conditions (Miller, 1998).
Water covers roughly seventy percent of the earth's surface and the human body
is composed of approximately that same percentage. More than ninety-seven percent of
the Earth's water is saltwater. Two percent of our water is frozen in icecaps and glaciers
and of the remaining one percent, it is estimated that only three one hundredths of a
percent is available as a water source for consumption (Miller, 1998).
Water moves in a vast circle that is driven by solar energy. It rains from the sky
onto the earth and then evaporates back again. As water moves across the land it bears
with it the story of where it has been. Surface water is defined as water above the
ground. Ground water is defined as water systems that are beneath the soil surface.
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Surface and groundwater streams gather important minerals essential to life but also they
gather insidious substances such as manure, sewer runoff, agricultural chemicals and
industrial discharges. Humans are dependent on water for growing food, generating
power, transporting waste, bathing, cleaning, cooking, gardening, recreation and
drinking. Water also provides the habitat for fresh and saltwater organisms humans use
as a food resource. The quality of the water we have available will be up to us to
maintain and protect.
This study was designed to test several natural surface water sources to ascertain
if there was variability in the amount of microbiological contamination between them
Humans get their drinking water mostly from natural surface water sources such as lakes,
rivers and springs. Some surface water can move underground and is then designated as
groundwater; likewise some groundwater feeds surface water sites such as spring-fed
ponds like the ones in this research.
The health of all of these water sources is of significance since they are where our
drinking water comes from Pollution of surface waters even in the most remote areas
such as our small farms will eventually travel miles and be magnified along its journey.
All of the ponds used in this research eventually drain into the Staunton River. After
traveling roughly 34.2 miles, the emissions enter the town of Clarksville, Virginia This
is the site of the first public water system encountered after these pond emissions enter
the river. From the Clarksville area, some of the water is piped from Lake Gaston to the
inhabitants of Virginia Beach and the remainder flows into eastern North Carolina by
way of the Albemarle Sound.
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The United States has close to 300 million people and all of our water supply is
from surface and groundwater sources (Table 1). This freshwater supply is used for all of
our needs including physiological demands of hydration. The United States Government
has given the Environmental Protection Agency (EPA) the major role in regulating,
protecting and improving the water resources and supplies in our country (Sullivan,
1997).

Table 1: 2000 Census results: percent increase in population from
the 1990 census.

A growing population

There are aboul 281 4 "ll1Hton people in the Unueo States. a 13 percent
·ncrease from 1 990. ac::oromg to tne 2000 Census. AU states gained 1n
oopulatiOO but rile District ot Columbia's population deefeased by 5. 7
percent. Here are the percent changes m populauon since 1 900.
Leff than 1 o,.

Nev. 66.3'%.
�-0

Anz.

Colo.
Utah

30.S
29.6

Idaho

21.5

Fla-

23.5

'N.C.

·zu

Ga

Texas

2M

22.a

Wa,h. 21.1

Ore.

NM.

Del.

10.1 w••zo.O"II,

20.4

Minn. 12.4

17.6

Md.

20.1

Tenn. 16.7

S.C.

Va.

15.1

Ark.

N.H.

13.8

13.7

Mont. 12.9

11.4

10.8

Miss. 10.5

Ala.

14.4 i !nd.

Alasb 14.0
Calif.

20. 1 %--30.0'll. More than �

Ky.

10.1

9.7

IU
Kan. ll.5

!U.

S.D.

9.7

8.5

Neb. U
Vt. 8.2

9.4

Mich.

u

Okla. 9.7

'Ms.

Mo. 9.3
NJ H
Wyo. B.9

Hawaii 9.3

La.

5.9

.\l. '(

5.5

',lass 5.5

Iowa 5.4
Oh,o ,u

A.I.

4.5

Mame 3.8

Conn. 3.5

Pa,

3.4

N.D.

0.5

w.va. o.a

Table 1 indicates results obtained from the 2000 US Census Bureau, which shows the
percentage of increase in population for all of the states since the 1990 census.
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II. THE SAFE DRINKING WATER ACT
Congress passed the Safe Drinking Water Act in 1974 and amended it as The Safe
Drinking Water Act Amendments of 1986. The amendments included the National
Primary Drinking Water Regulations, Section 141 and the National Secondary Drinking
Water Regulations, section 143. The Primary Regulations address public safety and
health; the Secondary Regulations address taste, odor and appearance of drinking water.
The legislation's primary function is to protect drinking water supplied by public water
systems, which are defined as those serving over 25 people. Even though most of these
systems are supplied by natural surface waters, this legislation also gives theEPA
authority over groundwater (www.usbr.gov/laws). The EPA wrote the regulations and
provisions and the individual states were given the responsibility of being sure localities
comply. The EPA set maximum contaminant levels for 83 dangerous substances and
pathogens (www.usbr.gov/laws).
Now, twenty seven years later, drinking water is still unsafe in many parts of the
Country. Some of the reasons for this are the contaminant standards set are far too weak.
Other developed countries are more rigid in their maximum contaminant level
requirements and have more contaminants included. Some particular poisons are not
regulated in the United States and enforcement of the regulations is poor. From 1992 to
1994, thirty six million people received water from treated systems violating EPA's
standards and more than eighty six million from systems, which violated monitoring and
reporting rules. The Natural Resources Defense Council reported more than 53,600
water treatment systems in violation ofEPA's rules in 1991 and 1992 alone. These
7

systems broke the rules for contaminants 25,000 times and for reporting and monitoring
217,500 times, yet the EPA issued fewer than 4,000 fines (Lewis, 1995). Lewis ( 1995)
did not breakdown the violations by specific contaminants, but these numbers give an
idea ofhow serious the problems are in enforcement ofthe regulations.
In 1994 Congress tried (unsuccessfully) to weaken the Safe Drinking Water Act.
Hidden within the Contract With America's "risk assessment" and "unfounded mandate"
provisions passed by the House are measures that seriously dilute the drinking water
protections. Utilities and state and local agencies claim they cannot afford to meet the
requirements ofthe Safe Drinking Water Act without more money from the states or
Congress. It has been estimated that it would cost an average of30 dollars more per
household annually to meet the regulations, yet the price of inaction is high. Consumers
spent 4.2 billion dollars on bottled water and home purification systems in 1994
(Wagenet et al., 1995).
Milwaukee needed 54 million dollars to deal with the Cryptosporidium outbreak
of 1993 (Wagenet, 1995). Added to that cost is the price oflearning impairments by lead
poisoning and other heavy metals, many ofwhich are unmonitored, and ofcourse the
immeasurable cost oflife. This type ofoutbreak should elicit more public awareness and
help to strengthen regulations but this has not been the case.
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III.

DOCUMENTED DISEASES FROM PUBLIC
WATER SOURCES
In April 1993 a protozoan called Cryptosporidium caused almost 400,000

illnesses in Milwaukee and killed more than 100 people (Coyne, 1999). In May of 1994,
Las Vegas had an outbreak of the same protozoan, which left 19 dead and more than 100
ill. Surveys of water utilities have found Cryptosporidium in more than 80 percent of the
rivers and lakes that supply 66 major water systems nationwide, yet the EPA does not
require testing for this microorganism at this time in pre or post water treatment (Lewis,
1995; Levine, 1996). Cryptosporidium is a resilient parasite that enters the water supply
through agricultural run-off. Testing methods for this parasite are still being researched
and are currently not very reliable (Levine, 1996).
The bacterium Escherichia coli has been linked to numerous widespread
outbreaks of disease. The infection most often associated with this microorganism is
gastroenteritis. This is an inflammation of the stomach or intestinal tract that causes
vomiting, diarrhea, or both. In 1993, the Washington, D.C., and New York City water
treatment facilities had malfunctioned and tap water could not be ingested for fear of
gastroenteritis (Lewis, 1995).
Concern for drinking water is on the rise. Water is not naturally pure, not even
the famous sparkling waters of Europe, which are bottled for marketing straight from the
spring source. As previously mentioned, water bears with it the story of where it has
been. What has to be established are the acceptable parameters for impurities. What
seems to be an acceptable indicator of impurity is the number of coliforms present in a
9

water sample. If there are high numbers of fecal coliforms present then it is probable that
there are also high numbers of other microorganisms including pathogenic bacteria and
protozoa (Lewis, 1995). Fecal colifonn and fecal streptococci testing were utilized in
this research; they are both considered indicator species and are accepted methods of
judging water quality of natural water sources.

IV. WATERQUALITYDEFINED

A body of water should be able to support its designated uses, which could
include shell.fishing, swimming, other body contact, recreational boating, or fishing
(www.uncwil.edu). Any physical, chemical, or biological condition that impacts the
designated uses represents poor water quality. The EPA along with the individual States
has defined limits for many water quality parameters. Some of the following are
biological parameters and regulatory limits.
The presence of fecal coliform bacteria is used as an indicator for the presence of
fecal wastes from animals. Coliforms are not necessarily pathogenic, but they may
indicate the presence of other pathogens. Contamination of waters by human waste is
especially dangerous but animal waste can also transmit disease. High levels of fecal
coliforms regardless of the source are considered significant (www.uncwil.edu).
Because pathogens may live longer in surface waters than fecal coliforms the standards
for this water quality parameter are stringent (www.uncwil.edu). Enforcement of
standards requires repetitive testing over a defined period of time. The EPA guidelines
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state that waters designated for shellfishing should not have average fecal coliform levels
above 14 colony-forming units per 100 mls. Waters for other uses such as swimming
should not average above 200 colony-fonning units per lOOmls (www.uncwil.edu).
States can set more rigid water standards but they may not lessen the recommended
guidelines (Sullivan, 1997). Virginia's Department of Environmental Quality uses EPA's
recommended standard for recreational waters (excluding shellfishing) of no more than
200cfu/100 ml for two or more samples in a 30-day period or 1OOOcfu/100 ml in a one
day sample at any time (www.deq.state.va.). Shellfish waters have more stringent
standards which are that fecal coliforms median will not exceed 14cfu/100 ml, 9 VAC
section 25-260-160 (www.deq.state.va.).
EPA's standard of acceptability for recreational waters for E.coli was set in 1986
with a geometric mean concentration of 126 colony fonning units per 100 milliliters
(http://mi.water.usgs.Q:ov). Guidelines were established by the EPA for marine and
freshwater beaches in the late 1970's and early 1980's. This concentration was correlated
with a gastrointestinal illness rate of8 individuals per 1,000 swimmers. This rate was
established after interviewing swimmers and non-swimmers in freshwater bathing
beaches on Lake Erie in Pennsylvania and on Keystone Lake near Tulsa, Oklahoma. The
prevalence of gastrointestinal illness was compared to the concentrations of E. coli,
enterococci and fecal coliforrns on the day of swimming. The conclusion was that E.coli
and enterococci showed the greatest correlation with illness, fecal coliform densities
showed no relation to gastrointestinal illness in swimmers. Individuals use recreational
waters in different ways; they are not equally susceptible to disease due to behavior and
prior health conditions (http://mi.water.usgs.gov).
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There are standards (33 cells per 100 ml set by EPA) for recreational water
quality with enterococci (Standard Methods, 1998; Kay, 1994). Species which are
designated as enterococci are in Lancefield's group D streptococci, a subcategory of fecal
streptococci. These organisms are useful as indicators. Fecal streptococci (which
includes enterococci) are also important in helping to determine the source of fecal
pollution. Different animal species have llllique fecal coliform to fecal streptococci ratios
(FC/FS ratios, Table 2). In domesticated animals such as cattle, the ratio is typically
between 0.1 and 4.0. In wild animals, the ratio is typically less than 0.1 with
domesticated animals ranging between 0.1 - 4.0 and humans usually showing a ratio of
greater than 4.0 (Coyne, 1994).

Table 2: Approximate fecal coliform/fecal streptococci ratios for humans and various
animals
ANIMAL:

RATIO:

Human

4.4

Duck

0.6

Sheep

0.4

Chicken

0.4

Pig

0.4

Cow

0.2

Turkey

0.1

Table 2 is an example of one published document indicating the 'typical' differences
between FC'FS of different species.

Reference: http:. 'muextension.missouri.edu1�'Cp/or.-waterwwq0 102.htm
Study from Missouri Department ofHealth - University ofMissouri-Columbia
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V.

TESTING WATER QUALITY:

The definition of a coliform is a microorganism found in the intestinal tract of an
animal as part of its commensal flora. Coliform counts are used as an indicator of
potential pathogens in most commercial methodologies. These methodologies look for
gram negative organisms found in the Enterobacteriaciae family. This is because some of
the most common organisms to cause gastroenteritis are in this family, for example

Salmonella, Shigella, and some pathogenic seratypes of Escherichia coli.
Coliform counts are the most widely accepted method of judging water purity.
The technology for testing for coliforms is inexpensive and easy to interpret. The
laboratory methodology for this type of testing can be performed by trained but non
licensed and non-accredited laboratory personnel and the results can be used as long as
quality assurance and quality control parameters are utilized. The specimen (water
source) is directly plated onto a common endobroth type of medium and interpretation is
based on growth and colorimetric evaluation for both fecal coliform and fecal
streptococci. Isolation of specific colonies requires additional laboratory time as well as
equipment and media. Some advantages of screening tests are the quality control and
assurance of fewer reagents and quick results. A disadvantage would be the lack of
confidence in definitive results, for example the problem of false positive results in fecal
streptococci enumeration (Standard Methods, 1998). A way to deal with this
disadvantage is in performing confirmatory testing on selected colonies isolated from
screening tests. Confirmatory testing was performed in this research as in most analytical
labs and will be discussed in the laboratory methodology section.
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The materials used in indicator testing are relatively inexpensive compared to
testing that would require identification of the microorganism to species level. For
species identification, instead of one type of media being utilized (as in the case for fecal
colifonn, fecal streptococci) there would be a need for a wide variety of media. The
unknown organisms would have to be isolated (pure in nature, only one species type per
plate) and it is likely that there would be many different colony types in a given water
source. There are many commercially available systems for speciation of organisms ,
such as API, Enterotube, VITEK, and MicroScan. All of these are trademark names of
multimedia systems that have many different biochemical tests incorporated into one
system and are designed to identify isolated, healthy colonies of organisms to a species
level. For the serological typing of the organisms after speciation, they would have to be
tested with specific antigen test material (Tortora, 1995). For accuracy in this type of
laboratory testing, trained and licensed personnel would be needed. If this type of testing
was the only testing performed, the expense of the media, quality control, performance
testing and salaried professionals time would be cost prohibitive as compared with
screens for indicator species such as coliform and streptococci counts.
There are other methodologies being used to determine if there is fecal pollution
of natural waters but all have their own particular problems. Some microbiologists are
proposing more accurate and more reliable techniques for bacterial tracking (Grimes,
1999). Most of the proposed techniques involve the polymerase chain reaction system,
which can detect specific pathogens based on DNA analysis (Grimes, 1999). Other
newer techniques involving specific patterns of antibiotic resistance in fecal streptococci
depending on the species source, source specific bacteriophage testing, use of fatty acid
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profiles and genetic fingerprinting in Escherichia coli (Hagedorn, 1998). An example of
one problem with antibiotic typing is the large sampling sizes required for Discriminate
Analysis in Database development (Hagedorn, 1998). All of these techniques are
expensive and labor intensive. There must be an evaluation of whether the value of the
information received is worth the expense of getting it.
There are some recognized flaws even in using indicator species for the testing of
water purity. High nwnbers of coliforms are not always indicative of other pathogenic
microorganisms. A high count would indicate a fecal contamination problem but does
not identify specifically any pathogens that may or may not be present. They are an
k

indication that it is liely that pathogens may be present along with the normal flora
(WHO, 1983). It is now believed that a better indicator of potential gastrointestinal
disease in coastal waters is the presence of streptococci rather than coliforms (Kay,
1994). Streptococci survive longer in surface water and soils than fecal coliforms,
therefore the probability of retrieving these organisms is greater (Kibbey, 1977; Howell,
1996).

VI. BACTERIAL SPECIFICATIONS FOR DRINKING
WATER
Microbial contamination is regulated under the Surface Water Treatment Rule
(SWTR) of 1989 and the Total Coliform Rule (TCR) of 1989 under the Safe Drinking
Water Act of 1974. TCR_requires all public water treatment systems to routinely monitor
tapwater for total coliforms. The presence of coliforms indicates that the system is either
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fecally contaminated or vulnerable to fecal contamination. Vulnerable to contamination
means that there may no longer be any known source of contamination but the fact that
fecal coliforms were recovered indicates that at some time in the past there was a
contaminating source (Sherer, 1992). The presence of enteric bacteria persists in a
stream, even after the animals have been removed (Gary and Adams, 1985; Sherer et al.,
1988; Stephenson and Street, 1978). Several studies have reported recovering enteric
organisms in the sediment when they could not be detected in the overlying water (Gerba
et al., 1977; Bitton et al., 1982; Gerba and McLeod, 1976; Loutit and Lewis, 1985).
Survival of microbes in sediment depends on several factors such as organic matter
availability, dissolved nutrients, pH and temperature (Sherer, 1992).
There are different Primary Maximum Contaminant Levels (PMCLs) set by the
Virginia Department of Health for systems depending on the how many people are served
by the system (VA Waterworks Regulations, 1991). The rate of testing or sample
nwnbers obtained varies depending on population served by the system (Table 3).

16
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Table 3: Virginia Department of Health Waterworks Regulations, section 2.3b
VR 355-18-004.03 and .04.
Population served per day:
25 to 1000
1001 to 2500
2501 to 3300
3301 to 4100
4101 to 4900
4901 to 5800
5801 to 6700
6701 to 7600
7601 to 8500
8501 to 12900
12901 to 17200
17201 to 21500
21501 to 25000
25001 to 33000
33001 to 41000
41001 to 50000
50001 to 59000
59001 to 70000
70001 to 83000
83001 to 96000
96001 to 130000
130001 to 220000
220001 to 320000
320001 to 450000
450001 to 600000
600001 to 780000
780001 to 970000
970001 to· 1,230,000
1,230,001 to 1,520,000
1,520,001 to 1,850,000
1,850,001 to 2,270,000

Minimum number of samples/month
1
2
3
4
5
6
7
8
9
10
15
20
25
30
40
50
60
70
80
90
100
120
150
180
210
240
270
300
330
360
390

Table 3 gives minimum number of monthly sample requirements for any given
population size of a water works system.
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When the membrane filter technique is used, the coliform density of all standard
samples examined per month shall not exceed any of the following: one colony per 100
m1s in waterworks required to submit 10 or fewer samples may exclude one positive
culture in a months sampling; 4/l0Omls in more than one sample per month when less
than 20 are examined per month; and 4/100 m1s in more than 5% of the samples when 20
or more are examined per month (VA Dept. of Health). When there is a violation of the
PMCL the public must be notified immediately.

VII. RECREATIONAL WATER AND NATURAL
WATER SOURCES

Ponds were used as the natural water source for study in this research. Ponds are
natural water sources that are sometimes used for recreational waters. All of the six
ponds in this study are currently being used for fishing and they have all in the past been
used for swimming. Recreational waters are defined in the Clean Water Act of 1972 as
those waters used for swimming, fishing, boating or any human related past-time activity
(Sullivan, 1997). Natural waters are those areas where water pools in a drainage basin
due to runoff or groundwater supply, they may be seasonal (dry in the summer months)
or pennanent water bodies. No water source is too small to study for scientific purposes.
Understanding these small non-point sources of contamination may help to determine
what regulatory methods must be put into place to control this type of pollution.

18

In 1995 middle school students from Minnesota found frogs missing limbs or
sprouting three and four hind legs. After this initial reporting of amphibian defonnities,
many other sites started reporting deformities in the frog populations throughout the
Midwest. Because frogs live both in water and on land, they are generally considered to
be accurate indicators of environmental health. Undiluted pond water from two of the
Minnesota sites caused abnormalities in 100 percent of the embryos tested and of greater
significance is that pond sediment, groundwater and nearby well water also affected the
embryos' development. No one particular contaminant was identified as the source of
these anomalies (Mlot, 1997). A number of theories have been proposed to explain the
deformities including: excessive ultraviolet radiation due to ozone depletion, parasitic
infection from tapeworms, and chemical contamination due to the agricultural runoff in
the area (Manuel, 1997).
Chemicals and parasitic microorganisms from agricultural runoff into these
Minnesota ponds would be from non-point source pollution sites. Studying non-point
sources for contamination is the reason this research was undertaken, but instead of
looking at chemical contamination, this research looked at microbiological variability in
non-point source sites that have different agricultural uses.

VllI. NON-POINT SOURCE CONTAMINATION OF
NATURAL WATERS: A DEFINITION
Non�point source pollution (NPS) is the leading cause of water quality problems
in not only our country but also the world today (Dept. of Agriculture, 1998). Effects of
non-point source pollutants on water are not always easy to assess, but it is known that

•
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these pollutants have harmful effects on drinking water supplies, recreation, fisheries, and
wildlife (Dept. of Agriculture, 1998). NPS is caused by rainfall and snowmelt moving
over and through the ground, carrying with it natural and human made pollutants such as
fertilizers, pesticides, fungicides and herbicides from residential as well as agricultural
sources. These pollutants are finally deposited into lakes, rivers, wetlands, coastal waters
and underground sources of drinking water. Unlike point-source pollution, which comes
from a visual source such as an industry, this type of pollution is diffuse and may have
many sources contributing to a watershed.
There are many examples of NPS pollutants. This type of pollution does not just
come from bacteria and nutrients from livestock wastes and faulty septic systems.
Potential bacterial contamination from livestock is the reason this research was
undertaken, but there are many other examples ofNPS pollutants. Some examples
include: fertilizers, pesticides, fungicides and herbicides from agricultural lands and
residential areas; oil, grease and toxic chemicals from urban runoff and energy
production; salt from irrigation practices, acid drainage from abandoned mines; sediment
from improperly managed construction sites, crop and forest lands, eroding stream banks,
and pollutants resulting from atmospheric deposition (Howell, 1995). With all of these
contributing factors it is easy to understand that controlling this environmental issue will
be of major importance to the survival of life as we know it. It is also easy to understand
why NPS has been and will continue to be so difficult to regulate. Not being able to
identify the source adds tremendous burdens to the already over-burdened regulatory
systems.

20

IX. HOW SIGNIFICANT IS NPS?

It is important to understand the magnitude of non-point source contamination.
The following statistics will help in trying to understand just how serious this problem is
today. Agricultural runoff impairs or threatens more than 100,000 assessed river miles
(Adler, 1993). In the United States, interstate commissions reported that 40% of assessed
streams, lakes and estuaries were too polluted to support fishing or swimming (American
Society of Agric. Engineers, 2001). These commissions studied 32% of the U.S.
waterways in 1998 and were part of the 12th biennial report to Congress prepared under
Section 305(b) of the Clean Water Act (ASAE, 2001). Logging impairs more than
15,000 miles, and construction runoff impairs almost 10,000 assessed river miles. Lakes
are also threatened, with runoff impairing almost 2 million acres within the United States
and storm sewers impairing almost another 1 million acres (Adler, 1993). Due to runoff,
1.2 million acres of coastal waters are not fully supporting one or more designated uses,
such as fishing, spawning or recreation. More than 52,000 acres of wetlands in
California, Iowa and Delaware are not supporting one or more of their designated uses,
and 5000 square miles of estuaries have been reported to be impaired (Adler, 1993).
Virginia has classified 712 miles of state waters as "impaired" due to diffuse
source of agricultural pollution (www.nrdc.org/). Southside Virginia is very susceptible
to ground water contamination from animal waste due to its high water table. The
Shenandoah Valley is also considered a very susceptible area in the state due to its very
porous limestone layer just above groundwater. Virginia has issued only 72 permits for
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feedlots, 52 went to swine operations and 20 went to diary facilities that have more than
200 cattle. (www.nrdc.org/)
Runoff sources also threaten our drinking water by contaminating our ground
water (Adler, 1993). Water treatment systems can also be run from groundwater bodies
(wells and underground rivers) as well as surface water bodies such as lakes and above
ground rivers.

In June of 1989 the EPA released a list of 17,000 seriously degraded

groundwater bodies which they called "hot spots." Factories and sewage treatment plants
impaired only 4 percent of these locations while non-point contamination was the source
contammation for the remainder (Jones, 1993). Nitrates and phosphates in groundwater
currently exceed health standards in virtually all the States with farms' application of
fertilizers being the major contributing source.
The 1990 National Water Quality Inventory (published by the EPA) cited
agriculture as the leading source ofNPS at 60% of pollutants causing or contributing to
the "hot spots" previously mentioned. The next biggest reported source is individual
municipal sewage plant discharges, which were estimated in this inventory to contribute
16.4 percent of the total NPS contamination in the 17,000 sites studied (Jones, 1993).
Agricultural activities were also cited as a major cause of fish kills. The Department of
Interior estimates that there are 125 species of aquatic or water dependent species that are
endangered or threatened due to agricultural misuse of pesticides. ThisNPS is
responsible for an estimated 37 percent of the 436 species listed in the Endangered
Species Information System database (Adler, 1993).
The well-known stories about environmental problems tend to focus on big,
recognizable targets such as industrial facilities and large agricultural businesses as
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exemplified by hog farms and concentrated animal feeding operations. The
environmental problems caused by big smoking stacks and large oil spills and leaking
toxic waste dwnps are easy to see. It is not so easy to see the smaller non-point source
pollutants that not only small farms are contributing to but also every individual
contributes to as well. NPS pollution is the nation's leading source of water degradation
and although individuals may contribute only minor amounts of non-point source
pollution, the combined effect is very serious (Dept. of Agriculture, 1998).

X.

THE CLEAN WATER ACT OF 1972

The Environmental Protection Agency has given many of the States the authority
to manage non-point source pollution. The States manage the programs usually on a
watershed-by-watershed basis whenever possible. States are reporting that NPS pollution
is the leading problem contributing to water pollution today (Dept. of Agriculture, 1998).
The States encourage and assist agricultural producers through a variety of programs to
use Best Management Practices (BMPs), which are designed to reduce or prevent
pollution from point and non-point sources from migrating into waters.
Today the Federal Water Pollution Control Law contains a comprehensive
program for protecting the nation's waters; it is encompassed in the Clean Water Act of
1972. The first federal law concerning water pollution in the United States was the
Refuse Act, which was passed more than one hundred years ago in 1899. This act was
passed with the primary function to protect navigation rather than the quality of our
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waters. In the late 1960s, regulation began under the Refuse Act to establish an
environmentally oriented program to control water pollution. Now the Refuse Act is no
longer a major element under the federal water pollution control program but it is still in
effect and is still used in some enforcement cases (Sullivan, 1997).
In 1972 Congress passed (in spite of a Veto from President Nixon) the Federal
Water Pollution Control Act. This 1972 statute required the EPA to set nationwide
effluent standards on an industry-by-industry basis based on the capabilities of pollution
control technologies and their costs to the industries. Another important aspect of this
Act was that it established the NPDES (National Pollutant Discharge Elimination
System) pennit program, which is the backbone of this Act. After federal authorization,
individual States are allowed to administer these pennits. Pennits set the limits of
elimination and clearly set guidelines for compliance (B:MPs) as well as setting the
penalties if compliance is not attained. The basic framework that was established in 1972
is still in place today and is now known as the Clean Water Act of 1972. The EPA in
carrying out the mandates of the 1972 statutes primarily focused on the conventional
pollutants such as biological oxygen demand (B.O.D.), pH and suspended solids
(Sullivan, 1997).
In 1976, environmental groups sued the EPA because of its failure to reach
statutory deadlines concerning toxic pollutants and non-conventional pollutants. This
lawsuit resulted in a consent decree known as the Flannery Decree (Sullivan, 1997). The
decree focused on toxics control. EPA was now required to promulgate effluent
guidelines, new source performance standards and pretreatment standards covering 65
toxic pollutants by December 31, 1979.
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By the mid 1980s, the lack of progress by EPA and State regulatory agencies in
addressing and controlling non-point source pollution led Congress to create the State
Non-Point Source Management Program, Section 319 of the CWA. Unfortunately, State
319 programs have been slow and inadequately funded. These programs lack adequate
implementation mechanisms and insufficient direction and oversight from EPA. In 1987
Congress created section 319 to get states to identify waters damaged or threatened by
runoff sources and to develop comprehensive programs to heal those waters by reducing
and eliminating pollution from those land-based sources. By contrast, the earlier (old)
section 208 programs held to a much weaker standard of runoff reduction ''to the extent
feasible", where section 319 held that reduction needed to be "'to the maximum extent
practical" (Adler, 1993).
The 1987 amendments to the CWA also included: establishing a timetable for
regulation of storm water, strengthening water quality related requirements, and
establishing a revolving loan fund for construction of sewage treatment plants. Congress
determined a schedule under the 1987 amendments in which the EPA was required to
establish regulations and issue permits for storm water discharges. By October 1, 1992
EPA was required to regulate storm sewer systems serving more than 100,000 people.
"Storm water" is defined in the Code of the Federal Register (CFR) Title 40 section
122.26(b)(13) as "storm water runoff, snow melt runoff, surface runoff and drainage"
(Overview, 1998). Permitting programs seem to be the most effective management tool
used to date in controlling pollution. EPA and individual States retain the authority to
require a permit for discharges that may fall outside of this definition ifthere is a reason
to believe there is significant violation of a water quality standard or if there is a
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significant contributor ofa pollutant to waters ofthe United States. The 1987
amendments also allowed for the expansion ofEPA's enforcement tools, but still it is
hard to regulate (Sullivan, 1998).
On October 18, 1997 (the twenty fifth anniversary ofthe Clean Water Act), Vice
President Gore directed the EPA and the Department ofAgriculture to work with other
Federal agencies and the public to prepare an aggressive Action Plan to meet the promise
ofclean, safe water for all Americans. This plan formed the core of President Clinton's
Clean Water Initiative, which he announced in his State ofthe Union Address in the
Spring of 1998 (Dept. ofAgriculture, 1998). He proposed 568 million dollars in new
resources in the fiscal year 1999 budget. This Action Plan builds on the existing clean
water programs and proposes new actions to strengthen efforts to restore and protect
water resources. In implementing this Action Plan, the government will: "support
locally led partnerships that include many Federal agencies, States, tribes, communities,
businesses, and citizens to meet clean water and public health goals; increase :financial
and technical assistance to States, tribes, local governments, and farmers; and help States
and tribes restore and sustain the health ofaquatic systems on a watershed by watershed
basis" (Dept. ofAgriculture, 1998).
The 1972 Clean Water Act's objective was to "restore and maintain the chemical,
physical and biological integrity ofthe nation's waters." The established goals ofthe Act
are: the elimination ofthe discharge ofpollutants into surface waters; and the
achievement ofa level ofwater quality which "provides for the protection and
propagation offish, shell:fish and wildlife" and "for recreation in and on the water." The
national policy stated in the Act is that the "discharge oftoxic pollutants in toxic
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amounts" shall by prohibited. These goals, policies and objectives are the heart of the
CW A (Overview, 1998).

XI. ENFORCEMENT OF THE CLEAN WATER ACT
Enforcement of non-point source pollution is the same as point source pollution
except that in cases where a permit is not required, for example agricultural irrigation,
which is exempt from permit regulation. Non-point source cases are harder to regulate
and investigate for non-compliance. Permits are often self-regulatory. The Clean Water
Act's enforcement may take the form of administrative orders, civil penalties or criminal
penalties. Fines up to 25,000 dollars per day of violation can be assessed for knowingly
or negligently violating the Act. Criminal convictions can carry fines up to 50,000
dollars per day and/ or imprisonment ofup to three years. In 1990, amendments were
made in response to the Exxon Valdez oil spill, Section 311 ofthe CWA was amended as
well as provisions were made for the new Oil Pollution Act of 1990 (Sullivan, 1997).
In our nation there are waters that do not meet the Clean Water Act's national
goal of"fishable and swimmable" in spite ofthe fact that required levels of pollution
control technology have been implemented by many pollution sources (Gleick, 1993).
The CW A of 1972, Section 303 (d), addresses these waters that are not meeting the
standards by requiring States to identify the waters and to develop Total Maximum Daily
Loads (TMDLs) of regulated pollutants for them. These TMDLs play a key role in
watershed management. This includes identification ofneeded load reductions within a
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watershed from agricultural producers and other non-point sources. These load
reductions are to be achieved through NPS pollution programs established under Section
319 of the CWA and Section 6217 of the Coastal Zone Act Reauthorization Amendments
of 1990.

XII. RECENT FINDINGS OF WATERBORNE DISEASES
IN DRINKING AND RECREATIONAL WATER
SOURCES

The CDC and the EPA currently conduct epidemiological studies to better
quantify the level of waterborne disease associated with drinking water. Since 1971, the
EPA, CDC and the Council of State and Territorial Epidemiologists have maintained a
collaborative surveillance system of the causes and occurrences of waterborne-disease
outbreaks (WBDOs). Thirteen states reported outbreaks associated with drinking water
during 1997-1998. Within these states there were a total of 17 isolated outbreaks from
drinking water sources. An estimated 2,038 persons became ill. No deaths were
reported. The causative agent was isolated in 70.6% (12 of 17) of the outbreaks;
15(88.2%) were associated with groundwater sources (www.ecoli. 2000).
In the United States drinking water outbreaks associated with surface water
decreased from 31.8% during 1995-1996 to 11.8% during 1997-1998 (www.ecoli.,2000).
This reduction was because of implementation ofEPA's Surface Water Treatment Rule.
In contrast, the proportion of outbreaks associated with systems supplied by a
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groundwater source increased from 59.1% during 1995-1996 to 88.2% during 1997-1998
(.www.ecoli.,2000). Ground water sources are not always treated systems, for example
private homes supplied by well water.
Outbreaks associated with recreational water exposure affected an estimated
2,128 persons in 32 isolated areas. Eighteen of the 32 outbreaks were of gastroenteritis
and 4 were single fatal cases of primary amoebic meningoencephalitis caused by
Naegleriafowleri. The etiologic agent of the gastroenteritis was identified as
Escherichia coli 0157:H7 with one fatality (www.ecoli.,2000).

XIII.

RESEARCH INTRODUCTION

Many surface waters in Virginia are contaminated by fecal pollution
(www.ext.vt.). The following was taken from the Virginia 305b water quality report in
the National Watershed Database, "Virginia: Fecal coliform bacteria are the most
widespread problem in rivers and streams. Agricultural and pasture land contribute much
of the fecal coliform bacteria in Virginia's waters." (www.epa.govD

This pollution is a

health hazard and poses many risks to persons exposed to these contaminated waters.
Knowledge about the pollution source can aid in the restoration of these waters.
The first hypothesis for this research was that livestock, even in low densities,
greatly affect the numbers of fecal bacteria contamination in a watershed. This research
was designed to ascertain the differences, ifthere were any, in fecal coliform and fecal
streptococci counts between two different types of surface water sources. The surface
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water tested was from ponds. These ponds are impacted by varying degrees by non-point
source contamination. One type of pond (livestock pond) used for testing was a sole
water source for domesticated livestock, which happened to be beef cattle. The other
category of pond (irrigation pond) used in this research was not used by domesticated
animals but rather for irrigation of surrounding farmland. The irrigation ponds are not
part of the drainage system of any surrounding grazed land used by livestock, therefore,
they are not obviously being contaminated by any domesticated animals.
A second hypothesis was considered in this research. It was that the fecal
coliform to fecal streptococci ratio would suggest the animal source contributing to the
contamination of the waters. The researched areas have 'known' contaminating sources;
the livestock ponds are being contaminated by livestock and the irrigation ponds'
contamination has been limited to wildlife for more than 50 years.

XIV. RESEARCH RATIONALE
This study was undertaken to see if there is a significant difference between fecal
coliform and fecal streptococci counts in irrigation ponds versus livestock ponds. There
is great concern over whether livestock farms (cows and pigs) are creating a hazard to the
neighboring communities by polluting their water. This type of contamination falls under
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non-point source polluti(?n, which has already been proven to be the largest source of
contamination in surface waters.
There currently is not any regulation for small animal fanns (Sullivan, 1997).
The majority of fanns in the United States fall in this category (Dept. of Agriculture,
1998). To date, there has been no government monitoring of any substances from waters
on these lands, with the exception of home drinking water.
Areas that have been studied for bacterial contamination have been animal
feeding operations as defined by the CWA of 1972. Animal Feeding Operations (AFOs)
are operations where animals are kept and raised in confined spaces (Sullivan, 1997).
This can cause animal waste to runoff into nearby bodies of water. Concentrated Animal
Feeding Operations (CAFOs) are those operations that have more than 1000 animal units
(AUs) or those with more than 300 AUs discharging directly into the waters of the United
States. CAFOs are required to obtain a National Pollutant Discharge Elimination System
(NPDES) permit and some AFOs may be required to obtain a permit after State
inspection of the facility has shown there is a special need for monitoring of that site
(Sullivan, 1997). AFOs that are not required to obtain a permit are addressed under the
Non-Point Source Program. An exemption from CAFO status would be if an operation
only discharged in the event of a 25 year / 24 hour storm.
Concentrated feeding operations have been implicated in disease outbreaks.
Alberta, Canada in 1997 reported an outbreak (with numerous deaths) of Escherichia coli
serotype 0157:H7 from manure contamination from several southern Alberta feedlots
(CDC, :MMWR, 2000). Scientists found the bacteria in 34% of the 143 process lots. It
was not discovered in any of the meat. At the same time, Alberta reported the highest

31

....
incidence of intestinal illnesses in the province and among the highest rates of E.coli
related infections in Canada. It was also noted in this study that the rate of infection in
. southern Alberta (which has more than a fifth of the five million cattle in the province) is
triple that of the provincial average. There were eighty reported cases of HUS
(Hemolytic Uremic Syndrome caused by E.coli OJ 57:Hl) in the province, eleven of
which resulted in death. The HUS cases were proven not to have gotten the infection
from fast food sources since none of the meat tested was contaminated. The source was
from contaminated drinking water (CDC, 2000).
A three-year study in Nebraska recorded the bacteriological quality of runoff
water from pastureland (Doran, 1979). This study concluded that bacteriological runoff
from both grazed and un-grazed areas exceeded water quality standards. Rainfall runoff
from the grazed area contained 5 to 10 times more fecal coliform (membrane filtration
procedure, Standard Methods) than the un-grazed area. Interestingly, the fecal
streptococci (membrane filtration procedure, Standard Methods) counts in the un-grazed
areas were higher therefore making the FC/FS ratio much lower in these areas as would
be expected in wildlife contamination. They found the FC/FS ratio was less than 0.05 for
the un-grazed areas and greater than 0.1 for the grazed land. There was little difference
between the grazed and un-grazed sites in their total coliform (includes fecal coliform
and free living colifonns) counts on an individual sampling basis. The multiple tube
lactose fermentation tests were used as prescribed by Standard Methods (1998) but no
confirmatory testing was reported (Doran, 1979).
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XV. SELECTION OF METHODOLOGY RATIONALE

Testing a water supply for specific disease causing organisms is expensive. There
are many different species of organisms that are potential pathogens to humans found in
water. Many different species, subspecies and types of protozoa, bacteria and viruses can
be water-borne pathogens. These different groups would all require very different types
of culturing techniques to assure their recovery from the initial water sample. For
example, protozoan recovery requires large amounts of sample (water volume), the
technology is still not reliable, and viruses require live cell cultures that are expensive
and easily contaminated. After recovery, isolation of each potential pathogen would then
be required to begin identification studies. This type of identification requires evaluative
testing to genus and species level. Culturing and handling of organisms that cause
disease requires special training and equipment. Labor costs and expenses related to the
number of samples required for recovery and isolation of the pathogen have to be
considered. More than one water sample may be required to assure the retrieval of
potential pathogens.
As mentioned previously the biochemical testing needed for confirmatory testing
to genus and species identification is cost prohibitive. Therefore, it is much more
practical to use indicator bacteria such as coliforms and/ or streptococci. The advantages
of using fecal indicator bacteria have already been introduced.
Fecal coliform and fecal streptococci counts were utilized in this research by
using the standard membrane filtration technique. These bacteria were cultivated in the
laboratory under conditions that encourage their growth, but prohibit the growth of non-
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fecal indicator bacteria. Fecal coliforms are a subgroup of total coliforms, and E. coli is a
genus and species of fecal coliform. Enterococci are a subgroup of fecal streptococci,
which is also a subgroup of total coliforms. These two groups of organisms fall under the
category of indicator bacteria.
Indicator bacteria are used to assess the quality of drinking and natural waters.
They are not typically disease causing, but are correlated to the presence of several
waterborne disease-causing microorganisms or pathogens, such as the pathogenic
serotype of E.coli 0157:H7. The most widely used indicator bacteria are: total coliform
for drinking water, fecal coliform, enterococci, fecal streptococci groups, and E.coli for
natural waters (USGS, 1999). Emphasis has been placed on fecal coliforms for natural
waters, but there are several good reasons to consider the fecal streptococci as well.
The normal habitat of fecal streptococci is the gastrointestinal tract of warm
blooded animals. S. faecal is and S. faecium, which are both species belonging to the
group enterococci, were once thought to be more human-specific than other
Streptococcus species, but now it is known that they can be recovered from other animals
such as birds and bovine (Table 4). Similarly, S. bovis, S. equines, and S. avium are not
exclusive to animals, they are also found free living in the soil, although they usually
occur in higher densities in animals. Even though some Streptococcus species
predominate in certain animal species, it is not possible to differentiate the source of fecal
contamination based on the speciation of fecal streptococci (Hagedorn, 1998).
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Table 4: Definition of Fecal Streptococci and Enterococci

FECAL STREPTOCOCCI

ENTEROCOCCI

S.faecalis

S.faecalis

S.faecium

S.faecium

S. gallinum

S. gallinum

S. avium

s.avium

S. equines
S. bovis
Table 4 lists the individual species of streptococci which fall in the two categories of
fecal streptococci and enterococci; fecal streptococci is more inclusive than enterococci.
Reference Table from Hach Tech Support, Analytical Procedures: Fecal Streptococci and Enterococci
Procedures

If the FC/FS ratios prove reliable as indicators of non-point source contaminants,
then they could be utilized in deciding the best way to treat the water source. Identifying
the arumal source (human, domestic or wildlife) of contamination can help to determine
where the effluent may be entering the water source. If the pollution comes from human
wastes such as sewer pipes or faulty septic systems, this could cause serious health
concerns. If the pollution is from domesticated animals, these would also cause health
concerns for humans and farm management practices could be addressed. Information
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about the source ofcontamination would be invaluable in quickly discovering the point
of pollution and determining the best means to solve the pollution problem
Previous attempts to use the fecal coliform/fecal streptococci ratio to determine
contamination sources have not been very successful because the method has limitations
(Hagedorn, 1998; Kibbey, 1977; Standard Methods, 1995). A main limitation discovered
has been that sampling needs to occur soon after manure deposition (within 24 hours)
because fecal bacteria die at differing rates. Streptococcus bovis dies extremely rapidly
because of its short half-life (Doran, 1979). This obviously interferes with the FC/FS
ratio analysis but the recovery ofthis group of organisms can give information on how
recent the contamination has occurred. Ambient air temperatures as well as sediment
particle size also have been proven to influence FC/FS ratios (Howell, 1996). In warmer
conditions (> 21 ° C) FC re-growth increased the FC/FS ratio to levels indicative of
human contamination where none existed (Howell, 1996; Doran, 1979). Howell's study
looked at shallow surface water from agricultural watersheds. He suggested the FC/FS
ratios would be difficult to use in determining source contamination in agricultural
settings due to the extended survival offecal bacteria in sediment.
One study in Kentucky concluded that in typical agricultural settings, the FC/FS
ratio from a single sample has little diagnostic use, although they stated that the mean of
numerous samplings taken over an extended period oftime would be an accurate
predictor of contamination source (Coyne, 1994). These conclusions suggested there are
too many environmental factors that affect the ratio for a single sample to be predictive of
source contamination.

36

Temperature was an important variable due to the range of growth variations
(Coyne, 1994; Howell, 1996; Howell, 1997). For example, warm streams high in organic
carbon permit fecal coliform re-growth. This would obviously affect the FC/FS ratio.
Springs, wells and streams were analyzed for a twelve-month period. When the mean
FC/FS ratio for the springs was evaluated it usually indicated contamination by domestic
animals. The mean FC/FS ratio for the streams indicated hwnan contamination when
only one of the three streams tested could have received any human contamination. The
two wells studied had a mean FC/FS ratio that indicated domestic animal contamination
(Coyne, 1994).
Streptococci have a longer survival time than some of the gram-negative
coliforms, this proves a problem in ratio analysis but at the same time can be useful on its
own as an indicator. Fecal streptococci concentrations are being used in place of fecal
coliform counts in some coastal areas because they seem to be a better indicator of
potential disease (Kay, 1994). The higher salinity associated with coastal waters is of no
consequence to enterococci, since this group of organisms tolerate high salt
concentrations. It should be noted that fecal streptococci tend to persist longer in the
environment than fecal coliforms and this may limit their usefulness as indicators of
recent fecal pollution (Hagedorn, 1998).
Kay et al. (1994) conducted their study over a four-year period with more than a
thousand participants in four different coastal locations. A streptococcal count of greater
than 32 colony forming units per 100 ml of water seemed to be a good predictor of risk
for disease (Kay et al., 1994). In this particular study, shallow water sources were tested
and adverse health effects (gastroenteritis) were identified in streptococcal concentrations
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exceeding 32 colonies per 100 ml while no clear correlation to illness could be assigned
to the level of coliforms present. The etiologic agent in these particular cases of
gastroenteritis was considered not to be bacterial since no bacterial pathogen was
isolated; the agent was thought to have been a virus similar to Norwalk virus (Kay et al.,
1994).
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PART TWO: METHODS AND MATERIALS

I. RESEARCH AREA
Since there has been essentially no research published on small privately owned
water sources, this study looks at six ponds all of which are located on small privately
owned farms. The study was conducted in Charlotte County, Virginia. Charlotte County
lies in the south-central Piedmont region of Virginia (Figure 1). All six ponds analyzed
for this study are within the boundaries of Charlotte County (Figure 2). The ponds are
located within a one mile radius from state route 746 near Chandler's Fork and within a
two-mile radius of one another (Figure 3).
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Figure 2: Charlotte County, Virginia
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Figure 2 is a map of Charlotte County, Virginia. The study area is in the central western
part of the county.
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Figure 3: Study site in Charlotte County, Virginia
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Figure 3 is a topographic map of the study site.
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Three ofthe ponds were designated as 'irrigation' ponds. The criteria needed to
be called an 'irrigation' pond was that there were no domesticated animals using the pond
or pastureland close enough to the pond for manure runoff to contaminate the pond water.
All ofthe irrigation ponds are used in the summer months as a water source for tobacco
or vegetable crops, no manure fertilizers are used in these areas. None ofthese pond
areas have had grazing cattle in the last 50 years.
The other three ponds were designated as 'livestock' ponds. These ponds all
have domesticated beefcattle using the ponds as a water source. The criteria used for
these ponds were that the pond must be the only water source for the animals and that
there was at least one animal unit per 2 acres ofpastureland. All ofthe three livestock
ponds have approximately the same number animals per acre ratio.
The first livestock pond designated as L-1 is on the property ofReuben Dunn. It
lies on the west side ofstate route 746 south ofroute 698 and north ofroute 619. This
pond drains into Wallace Branch, which lies approximately one mile to the west ofthe
site. Wallace Branch drains into the Staunton River approximately 4 miles from this site.
L-1 has been a water source for domesticated beefcattle for more than twenty-five years,
it covers approximately one and a halfacres ofland and has also been used for fishing.
The first irrigation pond, designated as I-1 is also on the property ofReuben
Dwm. This pond lies directly to the north ofL-1 by approximately one quarter ofa mile.
I-1 �so drains toward the west into Wallace Branch and covers approximately two acres
ofland. This pond has not been used to support domesticated animals (unless they were
out oftheir fenced area); it has been used for irrigation, swimming and fishing. Because
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ofthe topography of the area this pond does not get manure runoff from any surrounding
grazed lands.
Livestock pond number two (L-2) lies to the north ofstate route 619 and to the
east ofroute 746 very close to their juncture. This pond has supported livestock, has
been used for fishing for many years, is approximately two acres in size, and is the
property ofVince Nichols. It drains into Ward's Fork Creek, which is a tributary to
Roanoke Creek that eventually(~ 4 miles) joins with the Staunton River one mile west of
the junction ofstate routes 746 and 612.
Irrigation pond number two (I-2) is on the property of Sam Dunn and lies to the
east ofstate route 746 approximately one quarter ofa mile. This pond is approximately
two acres in size, has not been used to support domesticated animals, and is not in a
runoff area ofany grazed land. This pond drains toward the east into Ward's Fork Creek
and lies south ofL-2 by approximately one mile. It has been used for irrigation,
swimming and fishing.
Irrigation pond number three (I-3) belongs to Robert Ridgeway. This pond lies
directly east ofl-2. They are within two tenths ofone mile from one another. This pond
is approximately two acres in size and drains into Ward's Fork Creek. It has been used
for irrigation and fishing.
Livestock pond number three (L-3) belongs to Vince Nichols, and lies close to the
northeast intersection ofstate route 645 and route 746. This pond is approximately 2
miles south ofL-2. It has supported domesticated livestock for many years and has also
been used for swimming and fishing. It covers approximately one and a halfacres of
land and drains southeasterly into Ward's Fork Creek.
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II. SAMPLING METHODOLOGY
The sampling technique used in this study.was taken from the EPA's Freshwater
Biological Sampling Manual section 4.1.1.1 Shore Samples (www.for.hov.bc ). Samples
taken for bacterial testing were grab water samples taken at designated sites. In ponds,
there is not the wave action associated with lakes so it was easier to avoid contamination
from suspended sediments. An accessible spot from each of the ponds was designated
and samples were always taken from this location when returning to the pond. Samples
were obtained at a water depth of approximately four feet. One minute was allowed for
the sediment that may have been disturbed to settle before the sample was obtained. In
one continuous motion, the labeled container was forced beneath the surface and slowly
moved through the water in a scooping motion until it was full. This motion provided a
current around the lip of the container so that the water entering the container had never
come into contact with my hands (www.for.gov.bc).
The sterile 'Whirl- Pak' container and technique was used for the collection of
samples. Enough air was left remaining at the top of the container before sealing to allow
for the survival of the predominating soil and water organisms such as Bacillus species
and Pseudomonas species. Compromising competitor species could affect the
quantitation of the targeted organisms (Standard Methods, 1998). Pre-existing conditions
were maintained as much as possible so the quantitation of fecal coliforms and fecal
streptococci would not be affected. Neither fecal coliforms nor fecal streptococci require
aerobic conditions for survival since they are facultative anaerobic organisms.
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Once the sample was obtained it was immediately placed in an appropriately
filled ice cooler (Standard Methods, 1998). The sampling of all six ponds took
approximately two hours. The sampling was always carried out in the same order, which
was as follows: livestock-I, irrigation-I, livestock-2, irrigation-2, irrigation-3, and finally
livestock-3. This order was dictated purely by expedience of sampling due to the
locations of the ponds.
After collection, the samples were kept on ice until they could be processed in the
laboratory (Standard Methods, 1998). The time elapsed from collection to processing
was never more than six hours. All samples were processed according to the standard
methods (www.for.gov.bc; Standard Methods, 1998). The samples were immediately
transported after the final collection to the laboratory, which is approximately one hour
away by vehicle. They were then processed in the same order that they were collected_ in
the field. Total processing time was approximately two hours.

III. LABORATORY METHODOLOGY
There are several techniques available to determine fecal coliform and fecal
streptococci densities in natural waters. The membrane filter procedure was used in this
research. All samples were processed using the standard membrane filtration procedure
as described in the Standard Methods (1998). The samples were thoroughly mixed
(inverting sample for 15 seconds) and diluted (1%, 10%, 25%) to achieve a countable
density.
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The sample was passed through a sterile membrane filter (Millipore) with a pore
size of 0.45 micrometers (Fisher#HAWF047PP) and placed in a sterile 50 x 11 mm
disposable petri plate with a pad (Fisher# 0975353C) containing either m-FC broth
media (Fisher#0973093) or KF Strep broth media (Fisher#0974347). A filter membrane
apparatus (sterilized Buchner funnel) and a vacuum (1/2 hp Equatherm) were utilized in
this procedure. The technique used is described in section 9222B.5b of the Standard
Methods for the Examination of Water and Wastewater, 19th edition (1995). Special
media was used in the set up of these specimens. Sterile petri dishes, inoculating loops,
sterile wooden applicator sticks, de-ionized water, buffered dilution water, 3% hydrogen
peroxide, 6.5% NaCl, trypticase soy broth and agar, MacConkey Agar, and oxidase
reagent were also utilized in this study. Both media were set up on each sample.
Duplicate plates were set up on alternating sampling times to check accuracy of results
and to increase the sample size.
Ideal sample volumes should produce colony counts between 20 and 60 colonies
per membrane (Standard Methods, 1995). Therefore, when bacterial density is unknown
several dilutions are performed to determine countable densities (Standard Methods,
1995).
The first sampling on November 10, 2000 was filtered using 1 ml. The
subsequent counts were then multiplied by 100 to achieve counts representing colony
forming units (cfu) per 100ml. Reporting as cfu/100 ml is the standard reporting means
for these organisms (Standard Methods, 1995). Counts below 1 colony (no visible
growth) were reported as less than 100 cfu/100ml and treated as zero for the data
analyses.
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Due to low colony counts in November, the volume filtered on the December 5 th
collection was raised to 10ml. The counts for these samples were then multiplied by 10
to achieve the number of cfu/100 ml. Less than one colony or no visible growth on the
media was reported as less than 10cfu/100ml and zero in the data analyses. The results
from these samples were also low so subsequent sampling (February, March and April)
volumes were raised to 25 ml. One colony would be equal to 25cfu/100ml. Less than
one colony or no growth on these samples was reported as less than 4cfu/100ml and
treated as zero in the data analyses.
The media were prepared according to EPA's recommended m-FC (fecal
coliform) and KF (fecal streptococcal) media protocol. The m-FC media contains
nutrients such as: tryptose, protease peptone, and yeast extract for the growth of fecal
coliforms, inhibitory agents such as bile salts for other species, and differential indicators
such as lactose and aniline blue dye (acid shift due to lactose fermentation gives colonies
blue color) (Standard Methods, 1995). The KF streptococcal media contains nutrients for
growth such as tryptose, glucose, maltose and yeast extract. It has sodium choride,
sodium nitrite and 2,3,5 triphenyltetrazolium chloride solution as inhibitory agents and
phenol red as an indicator (Standard Methods, 1995).
The coliform samples were immediately incubated after inoculation at 44.5 +/0.5 0 C for 24 +/- 2 hours before evaluating colony counts. Temperature and incubation
time were used as selective techniques for accurate isolation and assessment of fecal
coliform counts. The fecal strep plates were immediately incubated after inoculation at
35 +/- 0.5 ° C for 48 +/- 2 hours before evaluating colony counts. Temperature and
incubation times were used as requirements for the assurance of the recovery of the fecal
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streptococci. At the end ofthe prescribed incubation times, colony counts were made to
determine the number of colony forming units of microorganisms present per 100 ml of
sample (Standard Methods, 1998).
Random confirmatory tests were performed on selected colonies to determine
accuracy of presumptive identification ofcoliforms and streptococci. For the coliforms,
the confirmatory tests included: growth on MacConkey Agar, utilization oflactose (pink
colonies) and negative oxidase reaction (Standard Methods, 1998). For oxidase testing,
an aqueous solution of 1% tetramethyl p-phenylenediamine dihydrochloride was put on a
filter paper strip and then one colony ofa presumptive coliform from a tryptic soy agar
plate was smeared on the test strip with a wooden stick, a dark purple color is indicative
of a positive reaction. Most coliforms are negative for oxidase enzymes. For
streptococci, the confinnatory tests included: growth in the presence ofhi� salt (6.5%)
concentrations in tryptic soy broth and a negative catalase test (Standard Methods, 1998).
Streptococci do not produce the enzyme catalase, which is an enzyme that will react with
hydrogen peroxide (3%) to produce bubbles.

IV. METEOROLOGICAL FINDINGS
Meteorological patterns were recorded immediately prior to each sampling date.
The factors recorded included temperature, wind, cloud cover and precipitation. High
and low temperature recordings were also obtained for each ofthe 5 days preceding the
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sampling dates. This data was obtained from the National Weather Services equipment at
the Charlotte County collection site, which is located within 5 miles of the testing area at
the intersection of route 682 and route 40.
A recording was made of the rainfall detected for the week prior to the collection
of samples. The time of collection was also recorded, although routinely the samples
were obtained between the hours of 08:30 and 11 :30. Wind was evaluated as follows:
None = no detectable air movement; Slight, hair moves but no small branches; Moderate
= small branches visibly moving; heavy

=

tree tops moving. Cloud cover was assessed

as follows:/ew = few clouds; moderate = approximately 50% cloud cover; heavy

=

little

to no sun.

V. MATERIALS AND EQUIPMENT USED
To collect the water samples a four-wheel drive vehicle was very useful in getting
to the sites quickly to reduce time delay between retrieval of the samples and inoculation
of the samples onto the appropriate media. Chest waders, ice cooler and Whirl-pak bags
(sterile and without de-chlorinating agents) were needed at the site of collection. Rain
gauges were utilized to measure rainfall data. Rainfall amount was determined by daily
monitoring of the rain gauges by the owners of the ponds for one week prior to the
collection of the samples.
For membrane filter analyses, all glassware and membrane filter apparati were
sterilized by autoclaving. A safety hood with a UV light was used as a workbench to
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discourage bacterial cross contamination, a Bunsen burner and alcohol were also used for
the same purpose. For the ease of operation, the following equipment was used: a
specimen rack, pipets and graduated cylinders, forceps, dilution buffer bottles and a
vacuum pump. The filtration unit consists of a Buchner funnel with a locking base
attached to a vacuum flask.
Refrigeration was needed for most of the media in the laboratory methodology
section; all media were stored under recommended conditions (Standard Methods, 1998).
The incubation of the samples after inoculation required two separate incubators, one set
at a temperature of 35° C and one set at a temperature of 44 ° C. For counting the
colonies, a magnifier (2x-5x) was employed along with a hand counter.

VI. DATAANALYSIS
Microsoft's Excel 2000 Office software package and JMP Version 3.2.2 were
used for chart configurations and statistics. The statistical methods employed were t
tests, and linear regression models. Values of central tendency such as averages,
means, standard deviations and percentage evaluations were performed with
Microsoft's Excel.
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PART THREE: RESULTS

RESULTS

I.

Meteorological findings are recorded in Tables 5, 6 and 7. Temperature's
relationship to fecal coliforms recovered from Livestock ponds is seen in Figure 4. The
data supported a significant relationship between the recovery of fecal coliforms from the
Livestock ponds and temperature. Livestock ponds had a p-value equal to 0.0017 with a
R 2 = 0.5458. Significance between temperature and recovery of fecal coliforms was not
established in the Irrigation ponds. There was also a curvilinear relationship between
fecal strep and temperature for both the Livestock and Irrigation ponds. The quadratic
equation for the Livestock fecal strep was 2275.9-120.982 Temp+ 1.61774 Temp2 with a
p-value of 0.038 and a R2 value of 0.6064. The Irrigation fecal strep's quadratic equation
was = 591.512 - 30.0668 Temp + 0.38208 Temp2 with a p-value of 0.031 with a R2 value
of0.49.
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Figure 4: Relationship between recovery ofLivestockfecal coliforms and
temperature: Figure 4 shows the linear relationship between Livestock FC

recovery and temperature during the period tested. -The p-value was 0.0017 and
the R 2 value is 0.5458.
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Precipitation results for the period are recorded in Table 6. The winter and spring
months tested were very dry except for the month of April. The relationship between
precipitation and recovery of fecal coliforms in the Livestock is shown in Figure 5. The
relationship between precipitation and recovery of fecal coliforms in the Livestock ponds
proved significant for the period, with a p-value of 0.004 and a R2 value of 0.4705. There
was not a significant relationship between precipitation and recovery of fecal coliforms in
the Irrigation ponds. Fecal strep recovery was not significantly related to precipitation
for the Livestock or Irrigation ponds.

Figure 5: Relationship between the recovery of Livestock fecal coliforms
and precipitation: Figure 5 shows the linear relationship between the
recovery of fecal coliforms from the Livestock ponds and precipitation during the
period tested. The p-value = 0. 0048 and the R 2 value = 0. 4705.
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Fecal coliform and fecal strep counts measured each of the collection dates were
recorded in Table 8. The pond column designates each sampling site. Fecal coliform and
strep coW1ts are given in colony forming units (cfus) /l00mls. Water samples were
obtained over a six-month period with results recorded for five of the six months.
January was excluded from the study due to technical difficulties in the laboratory, which
precluded the assay of those specimens. Confirmatory tests of randomly isolated
colonies from the fecal coliform and fecal streptococcal media consistently revealed
positive in the identification of each of these groupings.
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Table 5: Meteorologicalfindings:

Table 5 indicates the high, low and average daily temperature recordings in degrees
Fahrenheit; the dates marked by (*) are the actual sample dates.
MONTH/DATE HIGH LOW
29
November6
63
November7
32
62
November 8
50
65
November9
52
71
November10*
69
50
22
December1
49
24
December2
48
December 3
24
39
December4
37
15
December5*
38
17
February 2
52
28
February 3
52
19
43
20
February 4
21
46
February 5
29
February 6*
53
34
54
March 2
35
March 3
63
54
36
March 4
35
45
March 5
23
57
March 6*
43
43
March 30
43
67
March 31
45
59
April 1
47
35
April 2
59
37
April 3*

AVERAGE 5 DAY AVE.
46
47
57.5
61.5
59.5
54.3
35.5
36
31.5
26
27.5
31.3
40
35.5
31.5
33.5
41
36.3

44

49
45
40
40
43
55
52
41

48

43.6

47.8
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Table 6: Precipitation results:

Table 6 gives the precipitation totals for the week prior to the sampling and the totals for the 24
hours prior to sampling; results are given in fractions of an inch.

Date:
November 3November 10, 2000
November 29
December 5,2000
January 31 - February
6,2001
February 28 - March 6,
2001
March 29 - April 3,
2001

Week total prior to
samplin2
0.49

24 hours prior to
sampling
0.49

0.00

0.00

0.23

0.23

0.35

0.00

2.94

0.52

Table 7: Wind and Cloud results:

Table 7 shows the atmospheric conditions immediately prior to sampling.

Dates:

Wind/ Cloud cover

November 10, 2000

None/ few clouds

December 5, 2000

None/ clear skies

February 6, 2001

Moderate / moderately cloudy

March 6, 2001

Heavy/ few clouds

April 3,2001

Mild/ moderately cloudy

C:.,

Table 8: Fecal coliform andfecal streptococcal results:
Table 8 shows fecal coliform and fecal streptococcal counts obtained from
sampling dates; pond designation I= irrigation, L = livestock; counts are in cfu/JOOmls.
Predicted ratio values: human >4.0; domestic animals <4. O,' and wildlife <O. 7.
Date:
November 10, 2000

December 5, 2000

February 6, 2001

March 6, 2001

Aoril 3, 2001

Pond
1-1
1-1
1-2
1-2
1-3
I-3
L-1
L-1
L-2
L-2
L-3
L-3
1-1
1-2
I-3
L-1
L-2
L-3
I-1
1-1
1-2
1-2
I-3
I-3
L-1
L-1
L-2
L-2
L-3
L-3
l-1
I-2
1-3
L-1
L-2
L-3
1-1
1-2
1-3
L-1
L-2
L-3

Fecal coliform
<100
<100
<100
100
<100
<100
1300
1400
800
800
1000
700
30
<10
<10
<10
480
10
4

Fecal streptococci
<100
<100
<100
300
100
100
400
500
700
700
200
200
40
20
20
100
80
80
4

8
4
24
16
12
16
4

4
4
8
8
8
12
4
8
<4
16
8
4
20
64
16
528
100
208

<4
<4
<4
<4
<4

<4
<4

32
48
20
24
40
12
1064

956
1296

<4
<4
<4
<4
<4

Ratio FC/FS
0
0
0
0.33
0
0
3.25
2.8
1.1428
1.1428
5
3.5
0.75
0
0
0
6
0.125
1
0
0
0
0
0
2
1
3
2
1.5
1.33
1
0
0
2
6
5
1.2
0.625
0.75
2.015

9.56

6.23
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At-test was used to establish significance between the irrigation and livestock
results, with a 95% confidence level and p-value of <0.05 being held as the threshold
level of significance. The null hypothesis (no significant difference between the numbers
of organisms isolated at these sites) was rejected in both cases. The t values indicate that
the livestock ponds had a significantly higher number of indicator bacteria present than in
the irrigation ponds. The fecal coliform t value was 3.72 and fecal streptococci t value
was 2.716, with a critical value of 2.101 and 18 degrees of freedom these t values both
fall within the critical range to reject the null hypo thesis. Looking at the mean averages
from the designated pond sources shows the discrepancies between the two sites (Table
9). The mean average of fecal coliforms was 10.2cfu/100 ml (standard error of± 1.1) in
the irrigation ponds as compared with a mean average of 475.52 cfu/100 ml (standard
error of± 25.2) in the livestock ponds. The mean average of fecal streptococci in the
irrigation ponds was 33.14 cfu/100 ml (standard error of± 3.2) and 184.19 cfu/100 ml
(standard error of± 11.2) in the livestock ponds. Figures 6-a, 6-b and 7 show the
differences in the isolation of the fecal bacteria isolated from the two sites studied
(irrigation vs. livestock). Figures 6-a and 6-b (enlarged view of 6-a) show the difference
in fecal coliform isolation, while Figure 7 shows the differences in fecal streptococci
isolation.
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Table 9: Data analyzedfrom the Livestock and Irrigation sources.

Table 9 reports the mean averages obtainedfrom the sites for fecal coliform and strep
counts obtained over the six-month period of testing and for each month tested.

Mean average for the
period: cfus/100mls
Mean average: November
Mean average: December
Mean average: February
Mean average: March
Mean average: April

Livestock
ponds:
Fecal
coliform
475.52

Livestock
ponds:
Fecal strep
184.19

Irrigation
ponds:
Fecal
coliform
10.20

1000.00

450.00

16.66

83.33

163.33

86.66

10.00

26.66

13.33

7.33

0.66

0.66

33.33

9.33

1.33

4.00

1105.33

278.66

25.33

33.33

Irrigation
ponds:
Fecal strep
33.14
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Figure 6a: Fecal Coliform counts

Figure 6a shows the fecal coliform counts from the two site categories:
irrigation and livestock. The counts are in cfus/1 00mls with the irrigation counts
showing as blue and the livestock red. T'he mean average of fecal coliforms
isolated from the irrigation ponds was 10.2 cfus/J00mls, while the livestock ponds
showed a mean average of 475.52 cfus/J00mls.
Irrigation vs. Livestock FC counts
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Figure 6b shows an enlarged view of Figure 5a's y-axis in the 0-J00cfu/J00ml
section, the lower irrigation counts obtained are more easily seen in this chart.
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Figure 7: Fecal Streptococci counts:

Figure 7 shows the difference in fecal strep count between the livestock and the
irrigation ponds; the results are given in cfus/1 00mls with the livestock columns
red and the irrigation columns blue. The mean average of fecal streptococci
isolated from the irrigation ponds was 33.14 cfus/1 00mls, while the livestock
ponds showed a mean average of 184.19 cfus/lO0mls.
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The predicted FC/FS ratio for the sites was not obtained for every single sample
(Table 8), although many fell within the predicted range for wildlife and /or domestic
animal sources. Literature has supported the idea that the irrigation sites would have a
fecal coliform to fecal streptococcal ratio ofless than 1.0, indicating pollution from
wildlife origins, and the livestock sites would have a ratio ofless than 4, which would
indicate pollution from domesticated animals. Both sites had higher ratios than expected
in some ofthe individual samples, but the mean ofthe samples for the entire period were
within the expected ranges. The irrigation sites' mean ratio for the period was 0.26 with
an expected ofless than 1.0; the mean was within expected limits. The livestock sites'
mean ratio for the period was 3.07 with an expected ratio ofless than 4.0. Again, the
mean fell within the expected range ofFC/FS values.
The mean ratio in each ofthe sampled months for both site types is listed in Table
10. The mean ratios fell within the expected ranges in all ofthe following except the
livestock sites during the months ofMarch and April, when the mean was slightly higher
than the expected range ofless than 4.0.

Table JO: Mean Monthly FCIFS ratios:
Table 10 indicates the monthly FCIFS ratios obtained from averaging the water
sample data.from the irrigation and livestock sites.
MONTH:
November

FC/FS RATIO:
Irrigation
0.050

FC/FS RATIO:
Livestock
2.800

December

0.025

2.040

February

0.160

1.805

March

0.300

4.300

April

0.858

5.900
I

The mean FC/FS ratios for the individual sites during the period tested are listed
in Table 11. Irrigation -1 (1st irrigation pond sampled) site was slightly higher than
expected with a FC/FS ratio of 0.56 but the other Irrigation sites were close to the
expected average of 0.1. The Livestock -2 (2nd livestock pond sampled) was slightly
over the expected range of between 0.1 and 4.0 with a mean value of 4.12, but the other
two Livestock sites fell within the expected range.
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Table 11: Mean FCIFS ratio resultsfrom the individual sites:
Table I I indicates the FCIFS mean ratios obtained from each of the individual
sites for the entire period tested.
SITE:

II.

FC/FS RATIO (MEAN)

Irrigation - 1

0.56

Irrigation - 2

0.13

Irrigation - 3

0.10

Livestock - 1

1.86

Livestock - 2

4.12

Livestock - 3

3.24

DISCUSSION

Oregon Natural Desert Association (ONDA) v. Dombeck, 1998, exemplified the
rising concern for water quality and how non-point source pollution contributes to the
reduction of water quality. In this legal case, an attempt to classify grazing livestock as
source pollution was defeated by the United States Ninth Circuit Court (Lacy, 2000).
Environmentalists considered this a significant setback. Grazing livestock contribute to
pollution designated as surface runoff, which is classified as non-point source pollution.
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This litigation was filed because sections of the Clean Water Act that address NPS
pollution generally fail to adequately control water pollution from runoff associated with
grazing (Lacy, 2000). Even though the proposal was defeated, this type of litigation
brings to public attention the need for increased inquiry into how we can begin to address
the problems associated with non-point source pollutants, which are the number one
source of pollution to water (Hagedorn, 1998). The collective powers of the NPS
contaminants demand that they be studied as point source contaminants. The
management of these sources will be impossible until ownership of responsibility is
defined.
The EPA revised reporting guidelines, contained in section 305(b) of the Clean
Water of Act, in 1997. Now individual states must report on a five-year cycle (Pelley,
1997). Concentrations of contaminants (including fecal bacteria) after water treatment
processing are usually at low levels; however, the risk to humans from everyday exposure
to tap water remains unclear (Hirsch, 2001). The quality of the nation's water resources
is of interest because it is linked to the availability of water that is clean and safe for
human consumption (Hirsch, 2001).
Assessing the relative contributions of non-point source pollution from different
activities would be particularly useful if State environmental programs are to classify
watersheds and develop criteria for different levels of land use management (Bolstad,
1997). Movement of animal wastes into surface and ground waters is often cited as a
major factor contributing to the pollution of available water in many regions (Doran,
1979).
The area studied for this research falls within Virginia's Roanoke River Basin.

Virginia's Department of Environmental Quality lists 542.49 miles of this basin as
"impaired" in part due to fecal coliform bacteria from agricultural NPS pollution.
Coliform bacteria are responsible for the impairment of 444.45 of those miles
(www.deq.state.va).
Low concentrations (one animal unit/ 2 acres) of domesticated livestock seems to
have greatly increased the fecal contamination of the surface water tested in this study.
The numbers of fecal colifonns and fecal streptococci recovered from the two types of
sites differed significantly (see Table 9). The livestock ponds contained significantly
more bacterial contamination than did the irrigation ponds, with more than a ten-fold
increase seen between the two sites in four of the five months tested. Agricultural runoff
influenced by non-point pollution frequently exceeds the EPA standards for bacterial
contamination of primary contact water, which is 200 fecal coliforms/lO0ml (Howell,
1995; Dora� 1977; www.deq.state.va). In Virginia this is most commonly due to the
deposition of fecal material by domesticated livestock and wildlife.
Few studies have evaluated the effect of cattle (Bos taurus) grazing and
defecating on the fecal contamination rates in watersheds (Howell, 1995). The objectives
for Howell's study were to observe the extent, variability, pattern, and ratios of fecal
bacteria in ground waters from two Kentucky agricultural watersheds. They performed
monthly monitoring from December 1991 to January 1993. Springs and wells exceeded
water standards between 28 and 74% of the time; streams exceeded water quality
standards between 87 and 100% of the time. Rainfall was shown to rapidly move fecal
colifonns into spring and well water. Rainfall picks up the bacteria from the soil and
moves it into the nearest water source. Abundant rainfall will drive fecal coliforms into
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ground water sources as well as carry them into surface water sources. In two of the
springs tested before cattle were present, fecal bacteria exceeded standards 29% of the
time. After cattle were present, they exceeded standards in 80% of the samples tested.
(Howell, 1995)
Doran's 1979 study of grazed and un-grazed lands was initiated because the
movement of animal wastes into surface and ground waters is cited as a major factor
contributing to the pollution of available water in many regions. The grazed areas
showed five to ten times more fecal coliforms than the un-grazed areas (Doran, 1979).
The results from this research showed an even greater discrepancy (more than a ten fold
increase) between the two sites at certain dates of sampling, which were designated
livestock vs. irrigation. Relative to this study, fecal coliforms as well as fecal
streptococci showed increased numbers in the livestock vs. the irrigation ponds. The
depositions from the livestock contributed to the numbers of bacteria recovered.
Environmental factors affecting the survival rates of fecal bacteria are numerous
and include: predation by other organisms, temperature, precipitation, pH, sediment size
and availability of organic nutrients. One study showed that the presence of large
numbers of protozoan predators adversely affect the survival rates of both fecal coliforms
and fecal streptococci in freshwater and marine waters (Davies, 1995). When there are
large numbers of protozoan microorganisms present they will feed on bacteria thus
decreasing the numbers recovered. The only fecal bacterium not shown to be affected by
protozoan predators were in the genus Clostridium; these organisms are anaerobic
organisms (Davies, 1995). When microbial numbers increase, many protozoa function as
predators, and their numbers tend to rise and fall with the bacterial populations (Tortora,
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1995). There are nearly 20,000 protozoan species that inhabit water, soil, and the
intestinal tracts of animals (Tortora, 1995). They feed upon bacteria and small organic
nutrients. The following are some that are human pathogens: Entamoeba, Giardia,

Trichomonas, Cryptosporidium and Balantidium.
Precipitation rates also can affect the quality of water. As mentioned previously
rainfall can bring fecal coliforms from the soil into the ground and surface waters.
Depending on the topography of the area and the amount of rainfall in a given period of
time, the increase in fecal coliforms in a water source can be significant directly after a
rainfall event. Base-flow and storm-flow conditions have been compared and they
suggest that land-use directly effects the quality of water (chemically and biologically) of
runoff during storms (Bolstad, 1997). Bolstad's (1997) study was conducted in western
North Carolina over a period of 109 weeks on a fifth-order stream. Fecal contamination
was coming from both domesticated and wildlife sources in this region. Most water
quality regulations are based on average-flow conditions, but his study supported the idea
that storm-flow conditions should be considered as well since during storm events there
is a reduction in forest influence on non-point source pollution downstream. Forests
work as filters that capture particles (including microorganisms) as water percolates
through the soil. Total coliforms, fecal coliforms, and fecal streptococci were all
variables that increased downstream during stormflow conditions (Bolstad, 1997).
The extended survival of fecal bacteria in agricultural settings due to sediment
particle size, and ambient air temperature has been shown to obscure the quantitation and
the source of fecal contamination as it affects the FC/FS ratio (Howell, 1996). In
Howell's (1996) study, FC and FS mortality rates were recorded at three different
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temperatures and in three different sediments with differing particle sizes. The mortality
rates declined as both sediment particle size decreased and as temperature decreased to 4°
C (Howell, 1996). FC mortality rates exceeded FS mortality rates in controlled
laboratory tests (Howell, 1996). The surface of the soil (finer soils have a larger surface
area) allows for the interchange of nutrients and enzymatic reactions to occur which is
advantageous for the growth of microorganisms (Coyne, 1999).
The existence of fine soil particles and high organic matter has been shown to
increase E. co/i's survival time (Saylor, 1975; Tate, 1978). E. coli is a large constituent
of the fecal coliform group of organisms, therefore these conditions would change the
numbers of fecal coliforms recovered.
An optimal temperature for cellular respiration in fecal bacteria is between 25 and
30 ° C (Tate, 1995). Warmer temperatures encourage the re-growth of fecal coliforms
especially shortly after deposition. Temperature does not influence fecal streptococci to
the same degree at deposition. This phenomenon can obscure the evaluation for
quantification of these organisms for ratio comparisons by indicating human source
contamination (FC/FS ratio of>4) when none exists (Howell, 1996; Coyne, 1994).
Within the confines of this study, the average daily temperatures also affected the
numbers of microorganisms recovered. Figure 4 shows that the warmer the weather
preceding the sampling the more fecal coliforms were recovered from the Livestock
ponds. When temperatures were below 40 ° F ( 4° C) the numbers of organisms recovered
dropped by as much as ten fold. Fecal strep's relationship to temperature showed very
similar findings in both the Livestock and Irrigation ponds. The data revealed that
recovery of organisms increased as temperature increased.
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There was only one period when there was a significant amount of rainfall, this
was just prior to the last sampling taken in April. There was an increase in recovery of
fecal bacteria that month by as much as 10 fold from the lowest recovery months but
temperature also increased that month and with only one set of data with noticeable
precipitation change no conclusions can be given on how precipitation may have affected
the number of microbes recovered in this study.
Not only the sediment particle size but also re-suspending sediments that are
harboring fecal bacteria can influence the numbers of bacteria seen in surface waters
(Sherer, 1992). Some microorganisms have been shown to survive for many years within
sediment while others have shorter survival rates. Such is the case with Streptococci
faecalis, which has been shown to die within 12 weeks of optimal conditions but dies
immediately in frozen soil (Kibbey, 1977).
Turbulence from storm-flow or animal traffic can re-suspend bound bacteria
which would directly affect the numbers of fecal bacteria recovered; the re-suspension
would cause an increase in the recovery of both fecal coliforms and fecal streptococci.
This phenomenon may explain the erratic FC and FS concentrations reported in stream
monitoring programs (Sherer, 1992). An example of the significance of storm runoff can
be seen in the 1993 outbreak (400,000 illnesses reported) of Cryptosporidiosis in
Milwaukee. The outbreak has been proven to have been contributed to by the heavy
spring rains, which caused turbulent runoff of animal waste from watersheds contnbuting
to Lake Michigan (Coyne, 1999). Oocysts survive in the soil for extended periods of
time, the sediments are usually removed from the water in the water treatment process by
using coagulants. Milwaukee's facility was using a new coagulant that could not keep up
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with the increased amount of sediment runoff (Coyne, 1999). Other factors that affect the
survival of bacteria in sediments include, antibiosis, algal toxins, dissolved nutrients,
toxic metals, and temperature (Sherer, 1992).
An acid or alkaline environment can adversely affect the livelihood of fecal
coliforms; a water pH of anywhere between 4 and 9 would be important in assessing the
accuracy of the numbers of fecal colifonns (Coyne, 1994). The majority of the soil
systems studied fall in a pH range of 5.5-7.5 (Tate, 1995). Acidic conditions present a
particularly stressful situation for the microbial cell; under these conditions organic acids
are toxic to microbial growth (Tate, 1995). Abandoned mines represent a major source of
environmental contamination through acidic drainage; stream pH may decrease from near
neutral to pH levels of 2-4.5 (Coyne, 1999).
Variable survival rates for species within the fecal streptococci.(FS) group have
been recorded once they enter an aquatic environment, therefore quantifying these
organisms with accuracy can be difficult (www.bsi.vt.edu; Hagedorn, 1998). S. bovis and
S. equinus die off rapidly when exposed to an aquatic environment whereas S. faecalis
and S. faecium survive longer (www.bsi.vt.edu). Isolating S. bovis from samples can give
an indication of how recent the deposition of the pollution has occurred since 80% die
within the first 48 hours (Middaugh, 1971). Using starch hydrolysis as the test to
differentiate S. bovis from other streptococci species is one methodology used to isolate
this species. S. bovis will hydrolyze starch, (positive test result) whereas other fecal
streptococci will not. The streptococci are inoculated onto BHI (Brain Heart Infusion)
Agar that contains starch, colonies that appear to have a clear zone around them are
hydrolyzing starch.
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Hagedorn (1998) states that although using ratios ofFC/FS to determine source
contamination can be faulty due to enumeration problems, using fecal streptococci has its
advantages in source contamination when antibiotic resistance patterns are used. The
analysis of antibiotic resistance patterns in fecal streptococci may more accurately
determine human and animal sources of fecal pollution (Wiggins, 1996). Six possible
sources of contamination are beef, chicken, dairy, human, turkey and wildlife, with
patterns varying according to drug concentration and source (Wiggins, 1996). The
consistent differences between species allow this method to give quick and reliable
results in source identification (Hagedorn, 1998; Wiggins, 1999).
The predictive value of source contamination by using standardized fecal coliform
to fecal streptococcal ratios was not reliable per individual sample analysis in this study,
but was reliable for an averaging of all the samples. Defining the animal source based on
the ratio of fecal coliform to fecal streptococci seems to be difficult unless there are
multiple samples to evaluate (Doran, 1979). The multiple samples tend to even out
differences due to physical and chemical environmental variables.
Because of all of these contributing factors, one sample has little diagnostic use,
although evaluating the frequency with which FC/FS ratios fall within certain indicative
values is a more accurate predictor of fecal contamination source (Doran, 1979; Coyne,
1994). Coyne and Howell (1994) suggest that to useFC/FS ratios for source
determination of fecal bacteria would require numerous samples and a thorough
knowledge of the watershed under consideration and even then the conclusions drawn
from it should not be considered absolute (Coyne, 1994). In Howell's (1993) study of
grazed land in Kentucky, theFC/FS ratio identified domestic animal contamination
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sources, but it did not differentiate between domestic animal and human sources of
contamination since some of the samples fell within human contamination range (>4.0)
when no human source could be located. Differentiating between these two sources is
significant to locating the site of contamination as well as the potential for disease.
Locating sources of contamination is vital to the efforts made by the EPA and DEQ in
their goal of the restoration of these waters.
The use ofFC/FS ratio for predicting source contamination has been questioned.
Current editions of Standard Methods do not recommend it as a means for differentiating
between human and animal sources of contamination (Standard Methods, 1998). The
concerns listed are the rapid mortality rates of S. bovis and S. equines once the enter an
aquatic environment and enumeration problems with false positives. Standard Methods
does not address the issue of confirmatory testing to substantiate the reliability of the KF
membrane results. Confirmatory testing such as isolation oforganisms, gram staining,
catalase reactions and salt tolerances will detennine the validity of the presumptive tests
and should be performed in all water testing lab protocols.

ID. CONCLUSIONS

This study did support the hypothesis that even low density livestock populations
have a significant effect on the numbers of fecal bacteria they contribute to a watershed.
In light of the arrival of the 'newly' evolved strain of hemorrhagic E. coli 0157:H7 and
with adequate water supplies diminishing because of land-use and human population
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expansion, the public needs to be aware of the importance of protecting our water
sources. These bacteria are introduced to waterways in high nwnbers. Virginia's
Department of Environmental Quality monitors streams throughout Virginia. The Wards
Fork Creek in Charlotte County was tested twice in 2001 with a mean average of fecal
coliform indicating 250 cfus/l00ml (wwvv.deq.state.va). The Staunton River in Charlotte
County has not been tested since August of 1989 with the fecal coliform mean average
indicating >5000 cfus/l0Oml (www.deq.state.va).
This research did not support the idea that using the ratio ofFC and FS in any
single sampling would indicate the contaminating species, although pooling the samples
in a single sampling and using the mean of many samples over time could be predictive
of source contamination.
The length of the study is a weakness that must be addressed since the
temperature and rainfall results play a large role in viability (recovery) of microorganisms
(Sherer, 1992). For more conclusive data, the study would have to be carried out over a
longer period of time, possibly several annual cycles to evaluate precipitation variables
along with temperature variables. A complete annual cycle with twelve months of
quantitative counts of fecal coliform and strep from each of the designated sites as well as
climate data analyses and relationship analyses that were done in this study would
provide even greater evidence for the conclusions.
Along with FC/FS ratios it would be interesting to look at S. bovis nwnbers to
try to determine length of time from deposition and if that plays a large role in total
quantitation evaluations for FC/FS ratios. Including a starch agar plate in with the other
confinnatory tests for strep would indicate the absence or presence of S. bovis. It would
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also be interesting to look at other site specifications within the livestock category to see
if differences in management techniques could decrease the number of fecal bacteria
contributing to the watersheds.
We must bring non-point source pollution into focus, even if it means going to
individual sources and making them the focus of point source pollution.
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